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Earlier studies have shown chat both mainstream and side- 
stream cigarette smoke increase the activities of cytochrome 
P4501AI and 2E1 in the lungs of adult animals; however, little 
information is available on the influence of ambient levels of side¬ 
stream cigarette smoke on cytochrome P450 monooxvgenase activ¬ 
ity in the developing lung. The present studies were conducted to 
define the developmental profiles of cytochrome P450 monooxy¬ 
genases IA1 and 2B1 in rat lung and liver and to assess the effects 
of aged and diluted sidestream cigarette smoke (ADSS) on the 
developmental profile of these two enzymes. Accordingly, pulmo¬ 
nary and hepatic microsomal P4501A1 and 2B1 activities were 
determined bv measuring ethoxy- and pentoxyresorufin-O-delaky- 
lase (EROD and PROD, respectively) activity in animals exposed 
to filtered air or ADSS from birth to 7. 14, 21, 50, and 100 days 
of age. Pulmonary P4501AI activity in control rats was not de¬ 
lected until 14 days of age. Activities increased threefold between 
14 and 21 davs of age and remained unchanged to 100 days of 
age. In animals exposed to ADSS from birth, pulmonary EROD 
activities were detected as early as 7 days postnatal and were 
elevated three- to fourfold above control at ail other ages exam¬ 
ined. Hepatic EROD activities were unaltered by ADSS exposure. 
Short-term (4-day) ADSS exposure was as effective in upregulat- 
ing pulmonary microsomal EROD activities as 100-day exposures. 
Induction of pulmonary EROD activities and the associated in¬ 
creases in mRNA levels were dependent upon the particulate frac¬ 
tion. Stimulation of EROD activities in major and minor daughter 
subcompartments was three- to fourfold higher in ADSS-exposcd 
animals compared to controls, while there was no induction in 
the trachea and less than a twofold increase in the parenchyma. 
Pulmonary PROD activities developed more slowly than EROD 
and did not reach adult levels until Day 50. ADSS did not alter 
pulmonary or hepatic PROD activities. These studies show that 
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P4501A1 and 2B1 develop at different rates in rat lung and liver 
and that exposure to ADSS markedly increases P4501A1 activities 
in the lung at all ages examined, e iws Academic fie.'- inc. 


The cytochrome P450 monooxvgenases are a superfamily 
of genetically linked isozymes which catalyze the btotrans- 
formation of both endogenous compounds and xenobtottes 
to more water-soluble derivatives (Nelson et at.. 1993). Al- 
rhough the P450 monooxygenases normally generate metab¬ 
olites with diminished biologic activity, there are numerous 
examples where these enzymes catalyze the metabolic acti¬ 
vation of chemically inert agents, including several which 
have been identified in both mainstream and sidestream to¬ 
bacco smoke, to electrophiles (Belinsky et al.. 1992; Hoff¬ 
mann ex al., 1991). The cytochrome P450 monooxygenase- 
mediated formation of electrophilic intermediates has been 
shown to be a key step in both cytotoxicity and tumor initia¬ 
tion (Conney. 1982; Pelkonen and Nebert. 1982). In all 
cases, the balance in the rates of electrophile formation and 
inactivation are a critical factor in determining the outcome 
of exposure to an agent undergoing P450-catalyzed meta¬ 
bolic activation. Thus, alterations in the activities of enzymes 
capable of catalyzing the metabolic activation or detoxifica¬ 
tion of electrophiles could have a profound influence on the 
ultimate toxicologic outcome of exposure to agents which 
undergo biotransformation to reactive metabolites. In addi¬ 
tion. with heterogenous tissues such as the lung, the cyto¬ 
chrome P450 monooxvgenases are unevenly distributed in 
a relatively small percentage of the total ceil population 
(Belinsky et al.. 1991. 1992). These cells show substantial 
differences in their susceptibility to chemicals which un¬ 
dergo cytochrome P450-dependent metabolic activation 
(Plopper. 1993). Thus, specific cell types such as the noncili- 
ared bronchiolar epithelial (Clara) cells, a quantitatively im¬ 
portant locus of cytochrome P450 monooxygenases in the 
lung, are highly vulnerable to furans (Boyd et at.. 1980), 
chlorinated hydrocarbons (Forkert et al.. 1990). indoles 
(Yost. 1989), and aromatic hydrocarbons (Franklin et al.. 
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1993). many of which are present in both mainstream and 
sidestream cigarette smoke. 

Environmental tobacco smoke (ETS). a combination of 
exhaled mainstream smoke and sidestream smoke, is a com¬ 
mon indoor air contaminant whose health effects are contro¬ 
versial. Evidence from both epidemiologic studies (EPA. 
1992: NRC. 1986) and from investigations demonstrating 
the presence of DNA adducts generated from tobacco-related 
chemicals in humans exposed to ETS (Phillips et al.. 1988: 
Bartsch et al., 1991; Knek et at., 1993) suggests that these 
exposures may have significant health consequences How¬ 
ever. the effects of ETS exposure on the developing lung 
have received far less attention. Lung growth, with a high 
rate of cell turnover during development, may lead to altered 
susceptibility of children to chemical toxicants present in 
both mainstream and sidestream cigarette smoke. Although 
decrements in lung function, increased frequency of respira¬ 
tory disorders such as asthma, anti increased susceptibility 
to infection have been reported in children whose parents 
smoke (EPA. 1992: NRC. 1986), there is little comparative 
information on the susceptibility of adult and developing 
lung to chemical toxicants and carcinogens. Recent studies 
showing that lungs of rabbits in the early postnatal period 
are more sensitive to the Clara cell cytotoxic ant 4-ipomeanol 
support the possibility that there are significant age-related 
differences in the response of the lung to chemical exposure 
(Plopper et al. 1994). 

The developmental profiles of several xenobiotic metabo¬ 
lizing enzymes have been defined in hepatic and pulmonary 
tissue of experimental animals (Omiecinski etal.. 1990. Tom- 
quist et at .. 1988; Strum et al.. 1990; Plopper et al.. 1993). 
Cytochrome P450 monooxygenases, measured in the rabbit 
by immunocvtochemistry. Western blots on microsomal pro¬ 
teins, and with isozyme selective substrates, are detectable 
as early as 2 days postnatal and do not reach levels measured 
in the adult until after Day 28 (Plopper et al.. 1993). Like¬ 
wise. in the hamster, cytochrome P4502B and 4B are de¬ 
tected immunocytochemically as early as Gestation Day 15 
(birth occurs at Gestation Day 16) and reach adult levels by 
Postnatal Day 3. Recent studies by Ji et al. (1994) demon¬ 
strated that P4501A1 protein develops more slowly in rat 
lung reaching maximal staining intensity at Day 21: exposure 
to ADSS markedly increased the presence of this protein in 
lung airway epithelium. While these studies have defined the 
qualitative developmental pattern for pulmonary P4501AI 

immunohistochemically, there is little information on 
whether ETS exposure upregulates P4501AI and 2B1 iso¬ 
zyme activities in neonatal lung and liver tissue. Further, 
there is no information on whether ETS is capable of produc¬ 
ing permanent changes in the levels of these enzymes in 
animals exposed from birth. The purpose of this study is to 
define the developmental profile of P450 monooxyeenase 


activities in rat lung and liver and to examine the effects of 
sidestream cigarette smoke on this enzyme system in both 
organs. 

METHODS 

Animats. Specific pathogen-tree, timed pregnant Sprague-Daw ley rats 
were purchased from Zinc Miller iZelienuple, PAi. Lpon arrival (Gevtatuin 
Dav 2 I they were housed in a holding room supplied with a high-efficiency 
particle absorption 1 HEPA 1 tillered air and given tree access to food iPunnu 
rai chowi and water. Sentinel animals were killed ai the end of the study 
for serology and hisiopathological analysis. No pathogens or hisiological 
changes were found. Litters were bom 21-22 days after mating. Within 
2-t hr after birth, pups were randomly divided into male and female litters, 
only male animals were used in this study. Litters were randomly assigned 
to control and exposed groups. One mother was housed with 14 neonates 
per cage. Treatment Inters were placed in 0.44-m stainie.ss-steel charmers 
and exposed to ADSS for 6 hr per day. 2 cay \ per week. Control groups 
also were placed in exposure chambers in the same room but were exposed 
to tillered air only. Short-term i-t-dav exposures to ADSS were performed 
using male rats beginning at 4? days of age for b hr per day for 4 Jays. 

Exposure. ADSS was generated using a cigareue smoking apparatus 
designed and built in our laboratory (Teague et at.. 19941. Humidiried IR4F 
research cigarettes from (he Tobacco and Heallh Research Institute of the 
University of Kentucky were used. Cigarettes were handled and lighted 
automatically and smoked by a metered pulfer under Federal Trade Com¬ 
mission conditions (35-ml puff. 2-sec duration. I puff per mini. The sule- 
siream smoke generated from the burning end of the cigarette was collected 
into a chimney and aged tor approximately 2 nun in a conditioning chamber 
prior to dilution with tittered an. Chamber exposure conditions were charac¬ 
terized as described by Teague et al. 11994) Briefly, total particulate matter 
was determined by gravimetric measurements using TeHon-coated fiber 
filters {TX40H120-WW. Pailflex Products Co.. Putnam. CNl. a piezoba- 
lance (TSI Instruments. St. Paul. MN). and a PDM-3 MiniRam forward 
scattering device (MIE. Inc.. Billerica. MAI. Carbon monoxide was moni¬ 
tored with a model 880 nondispersive infrared analyzer I Beckman Indus¬ 
trial. La Habra. CA). Nicotine concentration was determined by gas chroma¬ 
tography (TSD detectori. ADSS was drawn through XAD-4 sorbent tubes 
1226-30-11-04-GWS. SKC West. Fullerton. CA) and the contents were 
e.xiraaed with HPLC-srade ethyl acetate modified with 0.19- tnethylarmne 
A calibration curve was established using known concentrations lO.3-2.5 
qg/ml) of nicotine using quinoline as an internal standard 

To examine the effects of tillered and nontiltered sidestream cigarette 
smoke. ADSS from the conditioning chamber was released into two expo¬ 
sure chambers. Particulate matter was trapped by a HEPA filter before the 
ADSS reached one exposure chamber, while whole smoke was released 
into the second chamber. TPM concentration in the filtered group was 0.0JO 
— 0.002 mgfnv' while in the group exposed to whole smnke it was 1.00 
a 0.02 mg/m’. 

Microsomatpreparation. Sixteen hours after the last exposure, animals 
were euthanized with an overdose of pentobarbital at 7. 14. 21. 50. and 
100 days of age. Lung and liver were removed, rinsed with ice-cold butfer 
(Tris/KCl. pH 7.4). blotted, and weighed. Due to size, the lungs of animals 
at 7, 14. and 21 davs were pooled (two to three animals per pool) to yield 
sufficient quantities of mtcrosomes for an individual set of experiments. 
The studies at ages 7. 14, and 21 days were done in sets of 3: at 50 
and 100 days of age 4 to 5 animals were examined individually- Washed 
microsomal fractions were prepared by differential ultraceninfueation as 
described earlier (Plopper et ah. 1993). Pulmonary and hepatic microsomes 
were resuspended in 0.1 m phosphate buffer (pH 7.4) and protein conient 
was deiermmed using ihe Bradford (1976) method with BSA as a standard 
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Enzyme assay. The O-dealkylauon of ethoxy- and pentoxyresorafin 
was monitored using procedures modified from those described by Burke 
et at. (!985|. Briefly, in a total volume of ! ml, incubauon contained 
microsomal protein (125 jig), 50 pi NADPH generating solution Ifinai 
concentration in the incubation: 11.34 mp glucose 6-phosphate. 3 units of 
glucose-6-phosphate dehydrogenase, 0.43 m_vt NaDP (Sigma Chemical. St. 
Louis, MO)), added prior to adding 1 pM of ethoxy- or pentoxyresorufin. 
(Molecular Probes, Inc.) in 5 pi of methanol. Incubations were conducted 
in triplicate far 6 nun at 37'C in an oscillating water hath. Reactions were 
terminated by adding 2 ml of ice-cold methanol and samples were prepared 
for HPLC analysis as described previously iPlopper et at.. 1993). Standard 
curves, prepared by adding resorufin to liver microsomal protein, were 
linear over the range of sample values. 

Northern blot analysis. Fifty-day-old male rats were exposed to filtered 
ADSS or to whole ADSS for 6 hr/day for 4 days. Control animals were 
exposed only to filtered air. Immediately after exposure, animals were killed 
wittrian overdose of pentobarbital. The lung and liver were frozen immedi¬ 
ately in liquid nitrogen and kept at —80°C until they were processed. Total 
RNA was isolated by the acid guanidinium thiocyanate/phenol extraction 
method described by Chomczynski and Sacchi (1987). RNA was fraction¬ 
ated by electrophoresis through a 1.5*3: agarose gel containing formaldehyde 
and RNA was transferred onto a Nvtran membrane (Schleicher and Schueil, 
Keene, NH) by capillary blotting. RNA was crosslinked to the membrane 
using a UV crosslinker. Membranes were prehybridized for at least 90 min 
at 65°C in a solution containing I m NaCl. 100 m.M Na ; PHCb. pH 6.5, 10 
m.\l EDTA. IT 5DS. 200 pg/ml yeast iRNA. and 200 pg/ml denatured 
salmon sperm DNA. CyplAI cDNA IATCC No. 63006) probe was ob¬ 
tained from American Type Culture Collection (Rockville, MDl while 3- 
actin was obtained from Dr. Howard Green tHarvard Medical School). 
CyplAI and tf-actin probes were labeled using a random priming kn iPhai- 
macia, Pistcataway. NJ) and '-P-dCTP (3000 ci/mmol: Amersham, Arling¬ 
ton Heights. IL). Approximately 1 x I0 e cpm of probe per milliliter of 
hybridizing solution was added and hybridized, with rotation overnight at 
65°C in an oven. Membranes were washed twice with lx SSC/0.1% SDS 
at SOX. The blots were auioradiographed with an intensifying screen over¬ 
night al -8CPC. 

Activity in dissected airways. Fifty-day-old male rats were exposed lo 
filtered air or ADSS (1.0 mgVrrv' TPM) 6 hr/day for 4 days. Immediately 
after exposure animals were killed with an overdose of pentobarbital. Airway 
microdissection was conducted as described by Plopper et al (1991 1 Briefly, 
lungs were instilled with IT low-temperature agarose dissolved in IX Way- 


mouth's medium (752/31. immersed in ice-cold Waymouth's for 20 mm and 
(hen the left lobe was dissected under a microscope. The trachea, major 
daughter, rrinor daughter, and parenchyma were isolated and homogenized 
with glass/glass homogeruzers in 0.1 m phosphate buffer. pH 7 4 The homog¬ 
enate was centrifuged at 9000g for 20 min. Protein concentration from the 
supernatant was determined using the Bradford method 1 1976i. The superna¬ 
tant (250 ug protein) was incubated in the presence of I ).M ethoxyresorufin 
for 20 min in 0,5 ml incubation volume of phosphate buffer. pH 7.4. Reactions 
were quenched with 1 ml ice-cold methanol. Resomrtn was measured is 
described under Methods for enzyme assay 

Statistics. In the age-dependent smdy groups, activities of P-1501 AI 
and 2BI were compared between age-matched control and ADSS-exposed 
rats using Student's r test. For all other statistical examinations ANOVA was 
used (Sigmastat. Jandei Scientific). Differences were considered significant 
when the p value was less than 0.05 

RESULTS 

Pulmonary P4501A1 activity was not detected at 7 days 
of age in control animals. At Day 14 activity levels had riser) 
to 2,04 c: 0.70 pmol/mg/min (Fig. lal. By 21 days of age. 
activity had increased more than fourfold to 9.77 r 2 43 
pmol/mg/min, but did not change further at 50 or 100 days 
of age. ADSS exposure elevated P4501A1 activity above 
control as early as 7 days of age. Continued exposure to 
ADSS with increasing age elevated pulmonary P4501A1 
activity three- to fourfold compared with age-matched con¬ 
trol values (Fig. la). Pulmonary P4502BI activity was de¬ 
tectable as eariy as Day 7, but remained unchanged through 
day 21 (Fig. lb ). By Day 50, P4502B1 activity had increased 
threefold compared with Day 21. but did not change further 
to 100 days of age. Exposure to ADSS did not affect pulmo¬ 
nary P4502B1 activity at any age examined. 

In the liver, P4501A1 activity was detectable as early as 
7 days of age and increased fivefold by Day 21 (Fig. 2a). 
At 50 days of age, hepatic 1 Al activity dropped to approxi¬ 
mately half the level seen at 21 days. However, by Day 100. 


a 



»ge (days) 



FIG. 1. Effects of ADSS on age-dependent expression of P4501AI la) and P4502B1 (bj activiry in rai lung. Open bars represent control values, 
while solid bars represent the activity in animals exposed to .ADSS. ND. not detected. ^Significant change from age-matched controls ip < 0.05). Values 
are the mean - SD for three groups of animals 
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FIG. 2. Effecis of ADSS on age-dependen! expression P4501A1 (ai and P4502B1 (b> activity in rat liver. Open bars represent control values. while 
solid bars represent the activity In animals exposed to ADSS. "Significant change from age-matched controls i p < 0.05 1 . Values are the mean ._ SD 
for three to rive groups of animals. 


1A1 activity had returned to the level measured at Day 21. 
Isozyme ZB 1 activity in the liver also was detected as early 
as Dav 7 but followed a variable pattern of expression. A 
similar level of activity was noted at Days 7 and 21 and 
these activities were lower than those observed at Days 14. 
50, and 100 (Fig. 2b). Exposure to ADSS had no effect on 
P4501AI activity in the liver for all ages examined (Fig. 
2al. Hepatic P4502B1 activity was not affected by exposure 
to ADSS at all time points examined except at Day 100. 
where activity was significantly decreased by 30% compared 
with control (Fig. 2b). 

Short-term 1 4-dayi exposure to ADSS in 50-day-old rats 
in = 3) increased pulmonary P4501A1 activity more than 
threefold. This elevation was similar to that observed in age- 
matched animals exposed to ADSS from birth (Fig. 3a). 
Pulmonary' P4502B1 activity in animals exposed to ADSS 


for 4 days was not changed from control animals iFig. 3b). 
Removal of the particulate phase eliminated the inductive 
effect of ADSS on pulmonary P450IA! activity (Fig. 4a i. 
while it had no effect on P4502B1 activity (Fig. 4bl Neither 
the duration of exposure, nor the elimination of the particu¬ 
late phase, from ADSS affected liver P4501A1 and 2B1 
isozymes (data not shown!. 

Northern blot analysis of total RNA isolated from the 
lungs of animals exposed to ADSS demonstrated a signifi¬ 
cant elevation in CYP1AI message compared to RNA ex¬ 
tracted from lung of rats exposed to filtered air. In addition, 
removal of the particulate phase from ADSS abolished the 
elevation of CYP1AI mRNA observed with exposure to 
whole ADSS (Fig. 5). The autoradiograms from the North¬ 
ern blot analysis were scanned with a scanning densitome¬ 
ter and signal was normalized to the signal for 3-actin. The 



Filtered Acute omanm Hiieraa wv-uic -- 

A„ ADSS ADSS Air ADSS ADSS 

FIG. i. Effect of exposure duration to ADS5 on P450IA1 iai and P4502BI Ibi activity in the luns. All animals examined in this study were ?0 
Jays of use. Acute exposure to ADSS was for 4 days, while chrome exposure was over a period of 50 days beginning from birth. "Significant dmerence 
when compared to control ip < 0.051. No significant differences were observed in EROD activities in lungs of animals exposed to ADSS tor 4 days 
compared with animals exposed from birth. Values are the mean z SD from three animals. 
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FIG. 4. The effect of whole or filtered ADSS on pulmonary microsomal EROD (&) and PROD fbl activity in 50-day-old rats exposed for 6 hr/das 
for -l days. '“Significant difference when compared to control ip < 0.05). Values are the mean r SD from three animals. 


signal intensity from ADSS-exposed animals was 15-fold 
higher when compared to animals exposed to filtered air 
or filtered ADSS. 

Trachea and intrapulmonary airways prepared by micro¬ 
dissection for the measurement of P4501A1 activity demon¬ 
strated significant differences among airway segments (Fie. 
6). Highest activities (per mg protein) were observed in pa¬ 
renchyma. while comparable activities were observed in the 
major daughter and minor daughter airways and the trachea. 
Exposure to ADSS for 4 days significantly increased 
P450IA1 activity in all airway segments with the exception 
of the trachea. In the minor daughter, major daughter, and 
parenchyma, P4501A1 activity increased more than 4-, 3-. 
and 1.6-fold, respectively. 

DISCUSSION 

Metabolic activation and the balance between formation 
and deactivation of electrophilic intermediates from inert 
chemicals have been shown to play a critical role in the 
pathologic sequelae resulting from exposure to chemicals 
undergoing P450-dependent activation (Hinson ei al.. 1994). 
There are multiple forms of xenobiotic metabolizing en- 



F1G. 5. Northern blot of CYPtAi and 5-aciin mRNA from the lungs 
of 50-day-old rats exposed id tillered air (A), filtered ADSS (Bl. or uhole 
ADSS (C). Rats were exposed 6 hr/day for 4 days. 


zymes and these often show remarkable substrate and prod¬ 
uct selectivity. Therefore, it is important to understand fac¬ 
tors which may account for the toxicity of a specific com¬ 
pound through metabolism and the role of specific isozymes 
in catalyzing the formation and detoxication ot electrophilic 
intermediates. For example, induction of pulmonary 
P4501AJ alters the metabolic profile of 2-nitrofluorene and 
results in markedly elevated levels of 2-nitrofluorene DNA- 
adducts (Tomquist et al.. 1990). Conversely, epidemiologic 
studies have demonstrated protective effects of cigarette 
smoking in aflatoxin-induced primary hepatoma, and these 

results suggest the involvement of a P450 enzyme induced 
by cigarette smoke in the detoxification of AFB t (Lin et al.. 
1991). Although factors which modulate the composition of 
specific P45Q isozymes in various tissues have been studied 
thoroughly in adult animals, far less information is available 
from developing animals. The few Studies that have been 



Trachea 


Ma|t>r Minor Parenchyma 

daughter daughlar 


FIG. 6. The effect of ADSS on EROD aciivity in trachea, major daugh¬ 
ter and minor daughter airway, and lung parenchyma from 50-day-old tats 
exposed to filtered air Dr whole ADSS for 6 hr/day for 4 days. -Significant 
difference beiween exposed and control values ip c 0.05). Values are 
means it SD from four animals for each group. 
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done to examine the relative sensitivity of lungs from neona¬ 
tal compared to adult animals suggest that sensitivity can he 
dramatically different, depending upon the compound 
(Miller et al.. 1990: Plopper et al.. 1994). These findings 
underscore the need to define the developmental prorile of 
enzyme systems responsible for xenobiotic biotransforma- 
lion and to understand those factors which modulate their 
activity. 

The current studies show marked differences in the devel¬ 
opmental expression of P450 isozymes 1AI and 2B1 in rat 
lung and liver. In neonatal rats, cytochrome P4501A1 activ¬ 
ity was detected earlier in the liver than the lung and was 
20-fold higher in the adult liver compared to the adult long. 
In contrast. P4502B1 activity was observed in both lung and 
liver at the same age and at comparable levels through 21 
days of age. Subsequently, pulmonary 2B1 activities in¬ 
creased 4-fold to achieve levels at Day 50 that were near 
those measured in the adult. In contrast, hepatic 2B1 activi¬ 
ties reached adult levels by Day 14. These differences in the 
developmental profile of P450 isozvme activities in lung and 
liver suggest that they may be under different regulatory 
control. 

The developmental profile of pulmonary PROD activity- 
reported here is similar to that observed in postnatal rat lung 
assessed with the carcinogen 2-nitrofluorene lTdmquist er 
al, 1988) where adult levels of pulmonary 2-nurofluorene 
metabolism were achieved at 6-8 weeks of age. The activity 
profile for P4501AI described here is consistent with mRNA 
levels tOmtectnski. 19901 and protein expression (measured 
histochemicallv) reported in postnatal rats (Ji et al., 19941. 
All of the studies in rats suggest that the development of 

pulmonary P450 monooxygenases occurs postnatallv. a 
finding similar to that reported in rabbits (Plopper et al.. 
1993). These data are in contrast to those in hamster where 
P450 monooxygenase enzymes are detected immunohisto- 
chemically in the lung prior to birth and develop to adult 
levels within 3 days (Strum et al., 1990). 

Exposure of adult animals to cigarette smoke has been 
shown to increase pulmonary and hepatic P450 monooxy¬ 
genase isozyme activities two- to threefold above control 
depending upon the activity measured and the characteristics 
of the exposure including smoke concentrations, duration, 
and whether exposure is to sidestream or mainstream ciga¬ 
rette smoke. Thus, direct comparison of our results with 
others is difficult because, in earlier studies, exposures were 
to mainstream smoke and/or exposure levels were not char¬ 
acterized thoroughly (Van Cantfort and Gielen. 1975: 
Gooden et al,. 1987: Villard et al. 1994). The present work 
was conducted at exposure levels considerably lower than 
those reported earlier. The levels used here (1 mg/nr) are 
likely to be encountered in both children and adults in unven- 
tilated smoking areas of homes and offices (NRC, 1986). 


Gooden et al. (1987) observed a threefold induction of 
EROD activity in the lung 16 hr after the last exposure to 
mainstream ciaarette smoke at a TPM lev el of 6000 mg/m 
Our study shows a similar increase in pulmonary EROD 
activitv at much !ow-er exposure levels in both neonatal and 
adult rats. However, induction of P4501A1 activity was ob¬ 
served only in the lung. In contrast, previous studies con¬ 
ducted with mainstream and sidestream cigarette smoke have 
shown elevation of P4501AI activity in the liver (Gooden 
et ill.. 1987: Villard et al.. 19941. The apparent differences 
between our work and earlier studies may be related to the 
substantial disparity in exposure level. It is possible, at envi¬ 
ronmentally relevant levels such as those utilized here, that 
the lung effectively functions as a first pass organ thus de¬ 
creasing the amounts of inducing chemicals reaching the 
liwr. 

Short-term exposure to ADSS in the adult resulted in ele¬ 
vations of pulmonary P4501A1 activity similar to those mea¬ 
sured in age-matched animals exposed to ADSS from birth. 
These are the first studies to demonstrate that continuous 
exposure to ADSS does not result in an adaptive or sensitiz¬ 
ing effect on the response of pulmonary P450 activities. 
Some studies have shown that fetal exposure to P450 induc¬ 
ing agents such as 3-mechylcholanthrene and phenobarbital 
impart a permanent sensitizing or “imprint" effect on the 
activity of specific isozymes during adulthood (Lucier et al.. 
1975: Fans and Campbell 1981. 1983: Bagiev and Hayes. 
1983; Simpson and Chung, 1982: Anderson et al. 1991). 

Previous studies with mainstream cigarette smoke have 
demonstrated indirectly the upregulation of CYP1A1 gene 
via de novo mRNA and protein synthesis (Welch et al.. 
1971) using inhibitors of mRNA and protein synthesis. Simi¬ 
larly. our studies have shown that ADSS at an environmen¬ 
tally realistic concentration is responsible for the induction of 
P450IA! in the lung bv upregulatina CYP4501A! message 
level. Removal of the paniculate phase from ADSS abol¬ 
ished the elevation of CYPIA1 mRNA level as welt as 
EROD activity in the lungs. 

Methods have been developed and validated recently for 
measuring activities of both P450-dependent and detoxifying 
enzymes in specific subcompartments of the lung (Plopper 
et al.. 1991; Buckpiti et al.. 1995). These studies have dem¬ 
onstrated substantial heterogeneity in the presence of various 
enzyme activities and glutathione in lung subcompartments. 
Moreover, exposure of the lung to various environmental 
stressors appears to result in changes in enzyme activity that 
are highly site selective (Plopper et al.. 1994). Similarly, the 
current studies have shown substantial regional differences 
within the lung in the induction of P4501A1 activity re¬ 
sulting from ADSS exposure. However, we do not know 
whethe' these differences are due to differential paniculate 
deposition or cellular heterogeneity within the various lung 
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compartments. Tracheal P4501AI activity was not affected 
by exposure to ADSS, while activities in major and minor 
daughter airways and the parenchyma showed significant 
elevations in activity. These observations are consistent with 
the immunohistochemical studies of Ji et al. (1994). which 
demonstrated an elevation in cytochrome P45QIA1 protem 
at specific sites within the various lung compartments, in¬ 
cluding the epithelium of conducting airways and alveolar 
type II cells of the parenchyma. In both studies. P4501A1 
induction was more prominent within the airways compared 
with the parenchyma. While immunohistochemical observa¬ 
tions are qualitative, our study quantitatively reflects the 
amount of enzyme activity present within specific airways 
and uhe lung parenchyma. The minor daughter was most 
responsive to induction of P4501AI by ADSS. 

In summary, exposure to ADSS significantly alters the 
developmental profile of P450 monooxvgenase isozymes 
during the perinatal period These changes could signifi¬ 
cantly affect the organism's response to xenobiotic exposure 
and could be amplified if the detoxifying enzymes, which 
are also expressed in an age-dependent manner i Mukhtar 
and Bresnick. 1976: Lucier el al.. 19771 are not expressed 
concomitantly. Additional studies are needed to fully explore 
the relationships between alteration of P4501AI activity by 
ADSS and the cytotoxic or mutagenic reactions of chemicals 
which selectively injure the lung. Moreover, further work 
is needed to compare the decay of P450 monooxvgenase 
activities after termination of exposure in short vs chronic 
exposures along with studies to determine whether exposures 
in the perinatal period cause long lasting changes in the 
activities of these enzymes. Our current work is examining 
several of these issues utilizing techniques that allow activity 
measurements in w'ell-defined regions of the lung to more 
fully understand the importance of local dose vs differences 
in cellular response in the upregulation of cytochrome P450 
monooxygenases. 
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